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(54) INK-JET HEAD 

(57) There is provided an ink-jet head having ink 
outlets formed at a high density for use in an ink-jet 
recorder. The ink-jet head comprises ink outlets, com- 
pression chambers communicating with the ink outlets, 
and piezoelectric vibration sections, each being pro- 
vided on a part of each of the compression chambers 
and including a piezoelectric film containing Pb, Ti and 
Zr, and electrodes provided on both sides of the piezoe- 
lectric film. The piezoelectric film comprises a first layer 
and a second layer which each have a perovskite struc- 
ture and are formed in contact with each other, wherein 
the first layer is formed as a layer containing no Zr or as 
a layer containing a smaller amount of Zr than that con- 
tained in the second layer. 
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Description 

Field of the invention: 

[0001] The present invention relates to ink-jet heads s 
for use in ink-jet recorders. 

Background of the invention: 

[0002] Recently, printers incorporating ink-jet record- 
ers come into wide use as printers for personal comput- 
ers and the like because of their high printing 
performance, handling ease, inexpensiveness and the 
like. There are a variety of ink-jet recorders of this type: 
some of them jet ink droplets utilizing pressure waves 
which are caused by bubbles formed in ink by thermal 
energy; some of them suck and jet ink droplets utilizing 
static electric power; some of them jet ink droplets utiliz- 
ing pressure waves which are caused by vibrators such 
as piezoelectric elements, and the like. 
[0003] Generally, the ink-jet recorders using piezoe- 
lectric elements comprise, for example, compression 
chambers communicating with ink-supply chambers 
and ink outlets communicating with the compression 
chambers, wherein the compression chambers are pro- 
vided with vibration plates bonded with piezoelectric 
elements. In such a structure, when a given voltage is 
applied to the piezoelectric elements to expand or con- 
tract them, the piezoelectric elements vibrate bending 
themselves to compress the ink in the compression 
chambers, thereby jetting ink droplets from the outlets. 
Today, while color ink-jet recorders are coming into wide 
use, improvement on the printing performance, particu- 
larly high resolution and high-speed printing are 
demanded. Therefore, there are seen many trials to 
realize high resolution and high-speed printing by Using 
mufti-nozzle heads which are achieved by fine process- 
ing of ink heads. To finely process ink heads, it becomes 
necessary to miniaturize piezoelectric elements for use 
in jetting ink droplets. 

[0004] In the meantime, the piezoelectric films of pie- 
zoelectric elements are formed by molding powder of 
PbO, Zr0 2 and Ti0 2 into sheets and baking the molded 
sheets, and therefore, it is difficult to form piezoelectric 
thin films with a thickness of, for example, 20 um or less. 
For this reason, fine processing of piezoelectric films is 
accompanied by difficulties, which leads to difficulties in 
miniaturising the piezoelectric elements. Further, in the 
above piezoelectric films formed by baking the powder, 
as their thickness is becoming smaller, the affection of 
the thickness on the grain boundary is becoming seri- 
ous, so that sufficient piezoelectric characteristics can 
not be obtained. As a result, there is a problem in that 
the piezoelectric films formed by baking the powder can 
not provide sufficient piezoelectric characteristics to jet 
ink droplets when the thickness of the films is 15 um or 
less. Therefore, miniaturized ink heads having charac- 
teristics necessary for jetting ink droplets have not been 



Disclosure of the invention: 

[0005] Objects of the present invention are to provide 
structures for ink-jet heads having ink outlets which are 
formed at a high density, by developing thin film materi- 
als which have high piezoelectric characteristics in spite 
of very small thickness and forming piezoelectric films, 
vibration plates and the like therefrom with very small 
thickness for constituting piezoelectric elements, 
thereby making it possible to utilize fine processing 
techniques which have been applied to the field of the 
semiconductor processing, and also to provide methods 
for producing ink-jet heads having such structures. 
[0006] A first ink-jet head according to the present 
invention comprises a body having ink outlets and com- 
pression chambers respectively communicating with 
each of the ink outlets, and piezoelectric vibration sec- 
tions, each being provided on a part of each of the com- 
pression chambers and including a piezoelectric film 
containing Pb, Ti and Zr, and electrodes provided on 
both sides of the piezoelectric film, whereby each of the 
piezoelectric vibration sections generates f lexural vibra- 
tion to thereby jet ink droplets from each of the ink out- 
lets, characterized in that the above piezoelectric film 
comprises a first layer having a perovskite structure 
containing Sr or Ba, and a second layer formed in con- 
tact with the first layer, having a perovskite structure 
containing Pb, Ti and Zr. 

[0007] As mentioned above, by forming the second 
layer in contact with the first layer having a perovskite 
structure containing Sr or Ba, the second layer contain- 
ing Zr can be formed thinner, having a higher quality 
and a larger piezoelectric constant. With this configura- 
tion, the first ink-jet head of the present invention can be 
made very small in size and light in weight 
[0008] A second ink-jet head according to the present 
invention comprises a body having ink outlets and com- 
pression chambers respectively communicating with 
each of the ink outlets, and piezoelectric vibration sec- 
tions, each being provided on a part of each of the com- 
pression chambers and including a piezoelectric film 
containing Pb, Ti and Zr. and electrodes provided on 
both sides of the piezoelectric film, whereby each of the 
piezoelectric vibration sections generates f lexural vibra- 
tion to thereby jet ink droplets from each of the ink out- 
lets, characterized in that the above piezoelectric film 
comprises a first layer and a second layer, each having 
a perovskite structure and being formed in contact with 
each other, and that the content of Zr in the first layer is 
smaller than that in the second layer. 
[0009] As mentioned above, by composing the piezo- 
electric film of the first layer and the second layer which 
are formed in contact with each other; the second layer 
containing comparatively more amount of Zr can be 
formed thinner, having a good quality and a larger pie- 
zoelectric constant. With configuration, the second ink- 
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jet head of the present invention can be made very 
small in size and light in weight. 
[0010] A third ink-jet head according to the present 
invention comprises a body having ink outlets and com- 
pression chambers respectively communicating with 5 
each of the ink outlets, and piezoelectric vibration sec- 
tions, each being provided on a part of each of the com- 
pression chambers and including a piezoelectric film 
containing Pb, 71 and Zr, and electrodes provided on 
both sides of the piezoelectric film, whereby each of the 
piezoelectric vibration sections generates flexural vaca- 
tion to thereby jet ink droplets from each of the ink out- 
lets, characterized in that the above piezoelectric film 
comprises a first layer containing no Zr and a second 
layer containing Zr, each having a perovskite structure 
and being formed in contact with each other. Thus, the 
second layer can have a better quality and a higher pie- 
zoelectric constant in comparison with the above sec- 
ond ink-jet head. 

[0011] In the second and third ink-jet heads of the 
present invention, to form the first layers simply and at 
low temperatures, it is preferable for the first layers to 
contain La. 

[001 2] Also, in the first to the third ink-jet heads of the 
present invention, it is preferable for the second layers 
to have a Zr/Ti ratio within a range of 30/70 to 70/30 so 
as to further increase the piezoelectric constants of the 
above piezoelectric films. 

[001 3] Also, in the first to the third ink-jet heads of the 
present invention, it is more preferable for the above pie- 
zoelectric films to be single crystal so that the piezoe- 
lectric constants which the materials constituting the 
piezoelectric films inherently possess can be effectively 
utilized. 

[001 4] Also, in the first to the third ink-jet heads of the 
present invention, it is preferable for the above piezoe- 
lectric films to be formed with a thickness of 10 urn or 
less so that the piezoelectric films can be finely proc- 
essed. 

[001 5] Also, in the first to the third inkiet heads of the 
present invention, it is more preferable for the above pie- 
zoelectric films to be formed with a thickness within a 
range of 1 to 3 urn so that the piezoelectric films can be 
finely processed, and simultaneously that the ink heads 
can have sufficient ink-jetting powers and sufficiently 
reliable piezoelectric films. In this case, it is preferable 
for the first layers to be formed with a thickness within a 
range of 50 to 100 nm so that the second layers can be 
formed having better qualities. Thus, the piezoelectric 
constants of the piezoelectric films as a whole do not 
decrease. 

[001 6] Also, in the first to the third ink-jet heads of the 
present invention, by providing the above piezoelectric 
vibration sections with vforation plates, the piezoelectric 
vibration sections can easily generate flexural vibration. 
In this case, it is preferable that the above vibration 
plates are formed from at least one selected from the 
group consisting of Ni, Cr, Al and their oxides, Si, Si 



oxide, and high molecular compound. 
[001 7] Also, in the first to the third ink-jet heads of the 
present invention, each of the above piezoelectric vibra- 
tion sections may generate flexural vibration by two pie- 
zoelectric films: that is, another piezoelectric fim 
different from the above piezoelectric film is provided 
between each of the above electrodes, opposing to 
each other through an intermediate electrode layer By 
the piezoelectric vibration section using two piezoelec- 
tric films as mentioned above, a larger vibration ampli- 
tude can be obtained as compared with the ink heads 
using vibration plates. 

[0018] Also, in the first to the third ink-jet heads of the 
present invention, each of the second layers of the 
above piezoelectric films may be a piezoelectric matter 
which contains Nb and Sn and has antiferroelectricity 
[001 9] Also, in the first to the third ink-jet heads of the 
present invention, the first layer of each of the above 
piezoelectric films may be formed as a layer in which the 
density of Zr is so distributed as to continuously 
increase along the thickness direction of the first layer, 
and which contacts the second layer at one side thereof 
having a higher Zr density. 

[0020] Also, in the first to the third ink-jet heads of the 
present invention, it is preferable that the above elec- 
trode layers on both sides of each piezoelectric film are 
formed from Pt or Au. By doing so, the electrodes are 
not damaged by etchant, for example, when the piezoe- 
lectric film is finely processed by etching. 
[0021 ] Also, in the first to the third ink-jet heads of the 
present invention, each of the bodies has a plurality of 
ink outlets and a plurality of compression chambers 
which are provided respectively corresponding to each 
of the ink outlets, respectively, and at least one of the 
electrodes provided on both sides of the piezoelectric 
film is divided into such patterns that can be separately 
disposed corresponding to the compression chambers, 
respectively, so that there can be provided an ink-jet 
head which comprises piezoelectric vibration sections, 
each corresponding to each of the compression cham- 
bers. With the structure as mentioned above, an ink-jet 
head which has a plurality of ink outlets formed at a very 
high density can be provided. In this case, the piezoe- 
lectric film may be divided into separate piezoelectric 
films which correspond to the compression chambers, 
respectively, and one of the above electrodes may be 
formed over the piezoelectric films divided. This can 
also provide an ink-jet head which has ink outlets 
formed at a high density. As described above, where the 
divided piezoelectric films are separately formed so as 
to correspond to the compression chambers, respec- 
tively, it is preferable that the width of each of the piezo- 
electric films is smaller than that of each of the 
compression chambers. Also, where the divided piezo- 
electric films are separately formed, a resin having such 
a low rigidity as not to prevent expansion or contraction 
of the piezoelectric film may be packed in the spaces 
between each of the piezoelectric films separated. By 
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doing so, the reliability of the ink-jet head can be 
improved. 

[0022] Also, in the first to the third ink-jet heads of the 
present invention, each of the piezoelectric vibration 
sections may be bonded at its periphery to the periph- s 
ery of each compression chamber through a resin layer 
having elasticity and a thickness of 3 um or less. By 
doing so, deformation of the piezoelectric vibration sec- 
tion is prevented when it is bonded to the compression 
chamber, so that the production yield is increased and io 
the reliability of the ink-jet head is improved. 
[0023] It is preferable that the piezoelectric vibration 
section is bonded at its periphery to the periphery of the 
compression chamber through a mount which is formed 
from a ceramics, metal or resin. By doing so, the is 
bonded portion can be cSstant from the piezoelectric 
vibration section, so that the above piezoelectric vibra- 
tion section can be stably vibrated. 
[0024] In the meantime, the method, according to the 
present invention, of producing an ink-jet head which 20 
comprises a body having ink outlets and compression 
chambers, each communicating with each of the ink 
outlets and having an opening at a part thereof; and pie- 
zoelectric vibration sections so provided as to close the 
openings of the compression chambers is as follows. 25 
The method comprises 

a first step of forming piezoelectric vibration sec- 
tions, each including a substrate and a piezoelectric 
film thereon, said step including a step of forming 30 
the piezoelectric film comprised of a first layer and 
a second layer, by forming, on the substrate, the 
first layer which has a perovskfte structure contain- 
ing Pb and Ti. and forming, on the first layer, the 
second layer which has a perovsWte structure con- 35 
taining Zr t Pb and Ti, 

a second step of facing the peripheries of the open- 
ings of the body to the peripheries of the piezoelec- 
tric vibration sections and bonding them to each 
other, and 40 
a third step of removing the substrate after the 
bonding, and 

the method is characterized in that the first layer is 
so formed as not to contain Zr, or as to contain a 
smaller amount of Zr than that contained in the sec- 45 
ond layer in the first step. 

[0025] By the method of the present invention, the 
second layer which contains a comparatively larger 
amount of Zr can be formed with a small thickness, hav- so 
ing a good quality and a large piezoelectric constant 
Thus, according to the method of the present invention, 
there can be provided an ink-jet head which is made 
very small in size and light in weight. 
[0026] In the method of the present invention, prefer- 55 
ably, the sputtering process or the chemical vapor dep- 
osition (CVD) process is adopted so as to accurately 
form the first layer and the second layer having good 
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qualities. 

[0027] In the method of the present invention, by using 
an MgO substrate as the above substrate, the first layer 
and the second layer can be formed as single crystal 
layers. In this case, the substrate can be removed by 
etching using phosphoric acid in the third step. 
[0028] In the method of the present invention, a sili- 
cone substrate or a glass substrate can be used as the 
above substrate. For the use of such a substrate, an ink- 
jet head can be produced at lower cost as compared 
with that produced by using an MgO substrata In this 
case, the substrate can be removed by etching using a 
hydrofluoric acid solution or a potassium hydroxide 
solution in the third step. 

Brief description of the drawings: 

[0029] 

Rg. 1A is a perspective view of an ink-jet head of 
the first embodiment according to the present 
invention, illustrating the structure of the ink-jet 
head, and Rg. 1B is a sectional view of the ink-jet 
head taken along line A-A' of Rg. 1 A. 
Rg. 2 is an enlarged partial sectional view of a pie- 
zoelectric vibration section of the ink-jet head of the 
first embodiment. 

Rg. 3 is an enlarged partial sectional view of a pie- 
zoelectric film (5) of the ink-jet head of the first 
embodiment. 

Rg. 4 is a sectional view of a piezoelectric vibration 
section formed on an MgO substrate (10), illustrat- 
ing a method of producing the ink-jet head of the 
first embodiment. 

Rg. 5 A is a flowchart for describing the main steps 
of one example of the methods of producing an ink- 
jet head of the first embodiment, and Rg. 5B is a 
flowchart illustrating a different example of the 
methods. 

Rg. 6 is a front view of the ink-jet head of the first 
embodiment. 

Rg. 7 is a graph showing a bending amount of the 
vibration plate relative to an applied voltage in one 
example of the ink-jet heads of the first embodi- 
ment. 

Rg. 8 is a graph showing a bending amount of the 
vibration plate relative to an applied voftage in 
another example of the ink-jet heads of the first 
embodiment. 

Rg. 9 is a sectional view of a piezoelectric vibration 
section formed on a silicone substrate (15). illustrat- 
ing the step of forming the same in process of pro- 
ducing an ink-jet head of the second embodiment of 
the present invention. 

Rg. 10 is a flowchart for describing the main steps 
of producing an ink-jet head of the second embodi- 
ment. 

Rg. 1 1 is a partial sectional view of an ink-jet head 
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produced by a method of producing the third 
embodiment showing the features of the same- 
Fig. 12 is a flowchart for describing the main steps 
of the method of producing the ink-jet head of the 
third embodiment. s 
Fig. 13A is a perspective view of an ink-jet head of 
the fourth embodiment of the present invention, and 
Fig. 1 3B is a sectional view of the ink-jet head taken 
along line C-C of Fig. 13A. 
Fig. 14 is a sectional view of the ink-jet head taken 
along line D-D* of Fig. 13A. 

Fig. 15 is a partial sectional view of a piezoelectric 
vibration section of a modification of the fourth 
embodiment showing the structure of the same. 
Fig. 16 is a partial sectional view of a preferable 
bonding structure of the fourth embodiment. 
Fig. 17 is a partial sectional view of another prefer- 
able bonding structure of the fourth embodiment. 
Fig. 18 is a partial sectional view of the structure of 
an ink-jet head of the fifth embodiment according to 
the present invention. 

Fig. 19 is a perspective view of an ink-jet head of 
the sixth embodiment according to the present 
invention. 

Best modes for carrying out the present invention: 

[0030] Hereinafter, the embodiments of the present 
invention will be described with reference to the accom- 
panying drawings. 

The first embodiment: 

[0031] An ink-jet head (100) according to the first 
embodiment of the present invention comprises a thin 
piezoelectric film having a large piezoelectric constant, 
which is formed by what is called a thin-film forming 
process such as a sputtering process which has hith- 
erto been hardly applied to this field. The ink-jet head 
(100) of the present invention has features in that it can 
be made very small in size, having ink outlets which are 
spaced at narrow intervals to each other, as compared 
with conventional ink-jet heads. 
[0032] Fig. 1 A is a perspective view of the ink-jet head 
(100) according to the first embodiment of the present 
invention, and Fig. IB is a sectional view of the ink-jet 
head (100) taken along line A- A'. 
[0033] The ink-jet head (100), as shown in Figs. 1 A 
and 1B, comprises a plurality of outlets (2); a plurality of 
compression chambers (1), each being provided corre- 
sponding to each outlet (2); and a plurality of piezoelec- 
tric elements (3), each being provided for each 
compression chamber (1). 

[0034] In the ink-jet head (100), the outlets (2) are 
formed at regular intervals in a side plane of the body 
(50), and the compression chambers (1) are formed 
corresponding to the outlets (2), respectively, and in 
parallel with the body (50). Each of the outlets (2) com- 



municates with each of the compression chamber (1) 
through each ink passage (2a) formed in the body (50). 
Also, openings (51) are each formed correspondSng to 
each of the compression chambers (1) in the top of the 
body (50), and also, vibration plates (4) are formed on 
the top of the body (50) so as to close the openings (51). 
Further, piezoelectric elements (3) are each provided 
on the vtoration plate (4) so as to be positioned on each 
of the openings (51), corresponding to each of the com- 
pression chambers (1). 

[0035] Each of the piezoelectric elements (3), as 
shown in Fig. 2, comprises electrodes (6) and (7) each 
formed from platinum with a thickness of 0. 1 urn; and a 
piezoelectric film (5) formed with a thickness of 3 urn 
between the electrodes (6) and (7), and they are dis- 
posed on the vibration plate (4). The vibration plate (4) 
is comprised of a Si0 2 layer with a thickness of 2 urn in 
the vibrating part. As mentioned above, a piezoelectric 
vibration section (30) is comprised of the piezoelectric 
element (3) and the vforation plate (4). 
[0036] The use of a perovskite type PZT thin film 
material which is an oxide of lead, titanium and zirco- 
nium, as a material for the piezoelectric film (5) can pro- 
vide sufficient vibrations even at a low voltage. The 
abbreviation "PZT" referred to in the description of the 
specification means a piezoelectric material which con- 
tains Pb, Zr and Ti and is represented by the general 
formula of PbtZ^Ti^JOa. It is confirmed that, when the 
composition formula of a PZT thin film is 
Pb(Zr 0 53Tio 4 7 )0 3 , the film exhibits maximal piezoelec- 
tricity in the form of a sintered body. However, it is diffi- 
cult to form a thin film of this composition formula 
directly on the electrode. 

[0037] To solve the above problem, in the first embod- 
iment the piezoelectric film (5) is comprised of two lay- 
ers as shown in Fig. 3. As the first layer (8), a layer of the 
composition formula of PbTi03, or PLT, i.e. PbTiOa and 
additional lanthanum (La) is formed, and as the second 
layer (9), a layer of the composition formula of Pb 
(Zro.ssTio^JOa is formed. The piezoelectric film (5) thus 
formed is found to be a high quality piezoelectric film 
having sufficient piezoelectric characteristics. That is, 
the present invention has been achieved based on such 
af inding that a high-quality piezoelectric film having suf- 
ficient piezoelectric characteristics can be provided by 
forming a first layer of Pb"n0 3 containing no Zr or of PLT, 
i.e. PbTi0 3 to which lanthanum (La) is added, and form- 
ing a second layer of Pb(Zr 0 .53"Tl 0 47 )0 3 . 
[0038] Hereinafter, the piezoelectric film (5) com- 
prised of two layers will be described in more detail. 
[0039] As described above, it is known that PZT 
shows excellent piezoelectric characteristics and can 
have a very high piezoelectric coefficient when the ratio 
of Zr/Tl is about 50/50. However, it is difficult that an 
excellent layer is formed from PZT by the thin film form- 
ing process such as the sputtering process, CVD proc- 
ess or the like, and the higher the ratio of Zr to Ti, the 
more difficult the formation of a sufficient layer. We have 
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studied and examined this problem and found out that 
an oxide of Zr adsorbs the surface of a substrate in 
process of forming a thin film and, thereafter, hinders 
the growth of a film. It is also found that this tendency 
becomes more significant when a PZT f flm is allowed to 5 
grow on a Pt electrode. However, this problem can be 
solved as follows: an excellent PZT film can be formed 
without deposition of Zr oxide when PZT is allowed to 
grow by the thin film forming process on a layer of 
PbTi0 3 or a layer of (Pb, La)Ti0 3 (hereinafter referred to 70 
as simply "PCT), that is, a mixture of PbTi0 3 and about 
10 mol.% of La which lowers the crystallization temper- 
ature. PbTi03 and PIT have a perovskite structure as 
well as PZT, and they can be easily formed into films 
even on Pt electrodes by the thin film forming process, ft 15 
is necessary for the first layer to have a perovskite struc- 
ture as an essential requirement. We have already dem- 
onstrated from our studies that similar effect can be 
obtained from SrT10 3p BaT10 3 , SrRu0 3 and the like 
other than PbTi0 3 and PLT Also, the first layer can be 20 
formed using an RF sputtering apparatus as well as a 
PZT layer. By using the sputtering apparatus on which 
mufti-element targets can be mounted, the first layer (8) 
and the second layer (9) can be formed in sequential 

StepS. 25 

[0040] In the present invention, the same effect can be 
provided when the piezoelectric film (5) is comprised of, 
not such a mufti -layer structure but of a first layer having 
a gradient composition formula in which the composi- 
tion continuously varies from PbTi0 3 containing no Zn 30 
to approximate Pb(Zr 0 .5Ti 0 .5)O 3 . 
[0041] Hereinafter, a method of producing an ink-jet 
head according to the first embodiment will be 
described with reference to the flowchart shown in Fig. 
5A_ 35 
[0042] In the method of producing the first embodi- 
ment, first single crystal of Pt are allowed to orient to 
form an electrode film with a thickness of 0.1 um on an 
upper face (100) of a single crystal MgO substrate (10) 
of 2 cm square (Step SI in Fig. 5A). 40 
[0043] Next, the Pt electrode film is subjected to pat- 
terning into separate and individual electrodes (11) by 
dry etching (utilizing actions of Ar ions under vacuum) 
so as to correspond to the respective compression 
chambers (Step S2 in Fig. 5A in connection with Fig. 4). 45 
[0044] Next, an initial layer (a first layer) of Pbti0 3 is 
formed with a thickness of about 0.01 i±m (Step S3 in 
Fig. 5A). 

[0045] Then, a PZT thin fUm is formed with a thickness 
of about 3 um on the initial layer by the sputtering proc- so 
ess (Step S4 in Fig. 5A). 

[0046] In this regard, the temperature of the substrate 
is controlled at 500 to 600 °C so as to grow the film in 
Steps S3 and S4. 

[0047] As described above, in the method for the first ss 
embodiment, the initial layer of PbT10 3 is formed before 
the formation of the PZT thin film, so that there can be 
formed the single crystal PZT thin fOm which has the 



crystals orienting toward the axis c having little non-uni- 
formity in the composition and having high crystallinity 
In addition, the PZT film shows the highest piezoelectric 
coefficient in the axial direction c. 
[0048] Next, the PZT thin film (including the initial 
layer) is subjected to patterning by etching using a 
strong acidic solution, so that the PZT thin film is formed 
into separate and individual piezoelectric films (12) 
which correspond to the respective compression cham- 
bers (Step S5 in Fig. 5 A in connection with Fig. 4) 
[0049] Next, a common electrode (13) is formed on 
the piezoelectric films (12) (Step S6 in Fig. 5A in con- 
nection with Fig. 4). The common electrode may be 
formed as individual electrodes corresponding to the 
individual piezoelectric films (12). respectively, as 
shown in Fig. 4, or it may be formed as a continuous 
electrode over a plurality of individual piezoelectric films 
(12). 

[0050] Next, a vibration plate (4) is formed from St0 2 
with a thickness of 2 um on the common electrode (13) 
(Step S7 in Fig. 5A). Although not shown in Fig. 4, a 
resin is packed at both sides of the individual piezoelec- 
tric films (12) to level a surface for forming the vibration 
plate (4) before the formation of the vibration plate (4). 
[0051] After completion of the formation of the above 
respective layers on the MgO substrate, the vibration 
plate (4) is bonded with adhesive to a body which is 
made of stainless steel and has compression chambers 
and ink passages previously formed therein. Thus, the 
compression chambers and ink passages are formed 
on the vfcration plate (Step S8 in Fig. 5A). It is prefera- 
ble for the adhesive to have a comparatively high hard- 
ness so as not to absorb piezoelectrical vibrations. 
[0052] Next, finally, the MgO substrate (10) is removed 
using an acidic solution (Step S9 in Fig. 5A). The MgO 
substrate (10) can be safely dissolved without any dam- 
age on the piezoelectric films by using a phosphoric 
acid solution as the acidic solution. 
[0053] Further, a plane having outlets with a diameter 
of. for example. 10 um formed at given intervals is 
assembled to the side plane of the body. Thus, the ink- 
jet head of the first embodiment is completed. 
[0054] In the method as described with reference to 
the flowchart of Fig. 5A, the piezoelectric film and the 
individual electrodes (11) are patterned before the for- 
mation of the common electrode (13). However, the 
present invention is not limited to this method, and the 
piezoelectric film and the Pt individual electrodes may 
be subjected to patterning after the formation of the 
common electrode (1 3) and the etching of the MgO sub- 
strate (10) as descrbed in the flowchart in Fig. 5B. 
[0055] According to the production method as 
described above, a thin piezoelectric fOm having excel- 
lent piezoelectric characteristics can be formed. Fur- 
ther, by applying fine processing techniques for use in 
production of semiconductors to the resultant thin pie- 
zoelectric tarn, a piezoelectric element which can corre- 
spond to a very small compression chamber can be 
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formed, so that an ink-jet head having outlets formed at 
a high density can be provided. 
[0056] For example, in producing a nozzle head with 
a density of 150 dpi, the widths of compression cham- 
bers are usually set to 100 urn and those of partition 
walls between each of the adjacent compression cham- 
bers to about 66 um. However, when the thickness of a 
PZT thin film is decreased to 5 um or less, it becomes 
possible enough to process the PZT thin film into film 
strips with a width of 50 um or less, so that it makes sure 
to process the piezoelectric film into shaped films hav- 
ing such a size that can correspond to a compression 
chamber with a width of 100 um. In this regard, there 
are difficulties in processing a conventional piezoelec- 
tric film with a thickness of 20 um or more into piezoe- 
lectric film strips with a width of 50 um. On the other 
hand, in the first embodiment, it is possible to process 
the piezoelectric film into film strips with a width of 20 
um or less. Accordingly, it is also possible to provide a 
nozzle head having a density of 500 dpi or more 
depending on possible shapes and sizes of the proc- 
essed piezoelectric films. Fig. 6 is a front view of a noz- 
zle head having outlets (or nozzles) formed at a density 
of 200 dpi, provided by the above method. 
[0057] Further, by decreasing the width of compres- 
sion chambers, the resonance frequency of the com- 
pression chamber can be increased, which leads to an 
advantage that the nozzle head can be driven at a pro- 
portionally increased frequency. Further, the drive of the 
nozzle head at a higher frequency leads to a quicker 
response to an applied voltage, so that it becomes pos- 
sible to subtly control the ink-jetting amount. Therefore, 
the color gradation of a printed image can be improved. 
In this regard, when the width of the compression cham- 
ber is 100 um (corresponding to 150 dpi), the reso- 
nance frequency is about 1 MHz. 
[0058] The ink-jetting performance is generally 
expressed by a product of bending amount Y and gen- 
erated pressure P. This value is expressed by the follow- 
ing equation (1), provided that the thickness of a 
piezoelectric film is t the piezoelectric constant is d 31 . 
and the voltage is V Accordingly, this provides an 
advantage that the use of a thin film makes it possible to 
decrease the voltage applied. 



Y-P = k-d 



31 



•v 2 /t 



Equation (1) 



[0059] In accordance with the above method, a PZT 
thin film in which the ratio of Zr/Ti is 50/50 is subjected 
to patterning so as to obtain samples each having a 
width of 10 jim and a length of 1 mm which correspond 
to each of the compression chambers (1). Using these 
samples, a relationship between an applied voltage and 
a maximal bending amount of a vibration plate (4) was 
measured. Fig. 7 shows the results. It is known from the 
graph shown in Fig. 7 that the application of an 
increased voltage bends the vibration plate and that the 
vibration plate is displaced by about 2 um relative to the 



application of 30 V. Thus, it is confirmed that an ink-jet 
head having high ink-jetting performance can be pro- 
vided by utilizing the above excellent piezoelectric char- 
acteristics. 

5 [0060] As described above, the ink-jet h ead of the f irst 
embocG merit is formed by processing the thin piezoelec- 
tric film (5) which has excellent piezoelectric character- 
istics and which is composed of the perovskite type first 
layer containing no Zr and the second layer formed from 

io PZT containing Zr. By doing so, finely processed piezo- 
electric films (5) having excellent piezoelectric charac- 
teristics can be formed. Therefore, there can be 
provided an ink-jet head which is made very small in 
size and has ink outlets formed therein at a high density. 

is as compared with the conventional ink-jet heads. 

[0061 ] The foregoing description has been made giv- 
ing specific materials and numerical values, however, 
the present invention is not limited by the above numer- 
ical values. 

20 [0062] As for the first layer (the initial layer) of the pie- 
zoelectric film, the first layer (8) is provided to form the 
second layer (9) having high crystallinity as mentioned 
above, and it is to be noted that the second layer (9) is 
dominantty responsible for the function exhibiting piezo- 

25 electricity. Therefore, the thinner the first layer (8), the 
better, to an extent that the first layer (8) can have a 
function serving to form an excellent second layer and 
that the piezoelectric characteristics of the piezoelectric 
film (5) as a whole do not decrease. We have confirmed 

30 that the first layer (8) can sufficiently exhibit its function 
even if it is 5 nm or less in thickness when a sputtering 
apparatus which is excellent in film thickness controlla- 
bility is used. However, it is preferable for the thickness 
of the first layer to be controlled within a range of 50 to 

35 100 nm in consideration of uniform coating of the Pt 
electrode and control of the production steps. Within 
this range, a substantial degradation in the piezoelectric 
characteristics of the piezoelectric film (5) as a whole 
can be prevented, and the first layer can sufficiently con- 

40 tribute to formation of a high quality second layer, and 
also, additional burdens for controlling the steps of form- 
ing the piezoelectric film (5) can be decreased. We also 
have confirmed that in the first embodiment, by forming 
the first layer (8) as a PbTi0 3 layer with a thickness of 

45 0.1 um and the second layer (9) as a PZT layer with a 
thickness of 2.9 um having a composition formula of 
Pb(Zr 0 .53Tio.47)03, there can be provided an ink-jet 
head capable of exhibiting a sufficient ink-jetting ability 
even at a low voltage. 

so [0063] Again, in the present invention, the thickness of 
the second layer (9) composed of PZT is not particularly 
limited. However, it is preferable that the thickness of the 
second layer (9) is controlled to 10 um or less, because, 
when the second layer is formed by the thin f Dm forming 

55 process, it takes long time in forming the film if the thick- 
ness of the second layer becomes large. In the mean- 
time, after formed, the piezoelectric film (5) is subjected 
to patterning so as to have a given shape and size cor- 
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responding to each of the compression chambers. In 
this regard, it is more preferable that the thickness of the 
piezoelectric film (5) is controlled to 5 |im or less so as 
to achieve accurate patterning which can correspond to 
the intervals between each of the ink outlets (2) which 
are considered to be more necessary to be still nar- 
rower in future. On the other hand, it is preferable that 
the thickness of the piezoelectric film (5) is controlled to 
0.5 urn or more in consideration of the strength of the 
film and a stress which would occur. According to our 
examination, it is the most preferable that the thickness 
of the piezoelectric film (5) is controlled within a range of 
1 to 3 urn. It is confirmed within this range that ink drop- 
lets can stably jet and that the reliability of the film can 
be maintained constant or higher. 
[0064] In the first embodiment, the body (50) is formed 
from stainless steel (SUS), but it may be formed from a 
photosensitive organic polymeric material, photosensi- 
tive glass, silicone or the like other than stainless steel. 
[0065] Also, fine processing of the vibration plate (4) 
becomes easy by using the thin film forming process 
such as the sputtering process. In the first embodiment 
the vibration plate (4) is formed from silicon dioxide 
(SiOe), but it may be formed from a metal such as 
nickel, chrome, aluminium or the like other than silicon 
oxide. The vibration plate can be easily formed from any 
of these metals by the sputtering process, vacuum dep- 
osition process, or metallizing plating process, having 
vibration characteristics as excellent as those of the 
Si0 2 vtoration plate. Further, a vibration plate (4) formed 
from alumina can exhibit a similar effect to that of the 
Si0 2 vibration plate, and it also can be easily formed by 
the sputtering process. Besides, a polyimide resin can 
be used to form a vibration plate (4), and the vibration 
plate (4) can be easily formed from a polyimide resin by 
the spin-coating process, and its fine processing is also 
easy. Thus, polyimide resins are found to be suitable 
materials for vibration plates of ink-jet recorders. 
[0066] Any of the vibration plates (4) formed from the 
above-listed materials shows no degradation such as 
cracks which occur during the vibrating operation, and 
they can sufficiently vforate to jet ink droplets. Further, 
vibration plates (4) formed from oxides of the above- 
listed metals can exhibit the same vibration characteris- 
tics as those of the vibration plate formed from the 
above metals. Further, the use of a vibration plate (4) 
formed from photosensitive polyimide is effective to 
facilitate the formation of piezoelectric elements. 
[0067] Further, in the above-described structure, as 
the vibration plate (4) which faces the compression 
chamber (1), a Si0 2 layer having a thickness of 2 urn is 
used; as the second layer (9) of the piezoelectric film 
(5), a PZT thin film of the composition formula of 
Pb(Zr 0 5 Ti 0 5)03, having a thickness of 3 nm is used; 
and as the electrodes (6) and (7), platinum layers hav- 
ing a thickness of 0.1 um are used. Under the above 
conditions, the vibration plate (4) can be caused to suf- 
ficiently generate flexural vibration even by application 



of 50 V or less. However, H is to be noted that the thick- 
ness of the vibration plate (4) is not limited to 2 nm as 
specified above, and the thickness of the vibration plate 
(4) should be selected appropriately, taking into account 
5 the piezoelectric characteristics and thickness of the 
piezoelectric film (5), the inherent vibration characteris- 
tics of materials forming the vibration plate (4) and the 
like. 

[0068] Further, in the present invention, by using plat- 

10 inum, gold or a ruthenium oxide as a material for the 
electrode (1 1) to be formed on the MgO substrate (10), 
the piezoelectric films (5. 12) composed of lead-based 
dielectric layers having perovskrte structures can be 
provided having good crystallinity. The piezoelectric 

is tarns (5. 1 2) which have a little variation in the character- 
istics can be formed on an electrode formed from any of 
the above-listed materials, so that variation in ink-jetting 
ability between each of the elements can be decreased. 
[0069] Further, although fine processing of the PZT 

20 thin film is earned out using a strong acidic solution 
such as hydrofluoric acid and nitric acid, corrosion of the 
electrode materials can be prevented by using platinum, 
gold or a ruthenium oxide as a material for the elec- 
trode, so that the elements can be reliably formed. 

25 [0070] Further, it is preferable that PZT, for use as a 
piezoelectric material for the second layer which consti- 
tutes the piezoelectric films (5, 12), is formed into a PZT 
layer in which the ratio of Zr/Ti is from 30/70 to 70/30 to 
impart the PZT layer excellent piezoelectric characteris- 

30 tics. Also, in the present invention, other than PZT. for 
example, piezoelectric materials which contain other 
elements than Pb, Ti and Zr. and have the composition 
formula of Pb 0 99 Nb 0 ,(^(Zro.6 s no.4)i-yT*y] o.98°3 (0 060 
<, y £ 0.065) may be used as piezoelectric materials for 

35 the second layer. In this connection, there is no problem 
in the use of the piezoelectric material having the com- 
position formula of Pbo.99Nbo.02 K?ro.6Sno.4)i. 
y Tiy] 058 O3 (0.060 £ y ^ 0.065), although it is an antifer- 
ro electrics. The graph in Fig. 8 shows a relationship 

40 between a voltage applied and the maximal displace- 
ment of the vibration plate (4) in this case. When a volt- 
age of 15V is applied, a phase change from the 
arttiferroelectrics to ferroelectrics occurs, so that discon- 
tinuous displacement characteristics are shown. When 

45 a voltage of 20 V is applied, the vibration plate (4) shows 
displacement of about 0.8 |im. When a certain value of 
voltage more than 20 V is applied, approximately con- 
stant displacement can be caused, so that the variation 
in the ink-jetting amount can be decreased. In addition, 

so there can be provided a piezoelectric element which 
has a stable ink-jetting ability in spite of being a poly- 
crystalline thin film when the antiferroelectric thin film of 
the composition formula of Pbo.99 Nb 0 .o2[( Zr o.6S n o.4)i- 
y Ti y ] 058 O 3 (0.060 £ y £ 0.065) is used. 

55 [0071] Further, in the first embocfiment, as the most 
preferable example of the piezoelectric films, there is 
given such one that comprises the first layer (8) com- 
posed of a layer of PbT103 containing no Zr, or of a layer 
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of PIT which contains PbTi0 3 and additional lanthanum 
(La), and the second layer (9) composed of a layer of 
Pb(Zro.53*n 0 .47)03. However, the present invention is 
not limited to this piezoelectric film. Otherwise, a second 
layer having good crystaliinity and a comparatively large 
piezoelectric constant can be formed when a PZT layer 
of the composition formula of Pb(ZT x Ti A .y)O z (x < 0.3) or 
the PZT layer further containing La is used as the piezo- 
electric material for the first layer (the initial layer) which 
constitutes the piezoelectric films (5, 12), and a PZT 
layer of the composition formula of Pb{Zr x Ti^.yiO^ (0.7 £ 
x £ 0.3) is used as the second layer, tn this case, it is 
preferable that a PZT layer of the composition formula of 
PbtZrjJVJOa (x < 0.2) or the PZT layer further contain- 
ing La is used as the first layer. 

The second Embodiment: 

[0072] Figs. 9 and 10 illustrate the method of produc- 
ing an ink-jet head according to the second embodiment 
of the present invention. The production method for the 
second embodiment is almost the same as that for the 
first embodiment except that a silicone (Si) substrate is 
used instead of the MgO substrate used in the first 
embodiment. 

[0073] First as shown in Figs. 9 and 10, a Pt layer for 
forming individual electrodes (11) is formed on a sili- 
cone substrate (15), and a piezoelectric film (12) com- 
posed of lead-based dielectric layer is formed as a 
piezoelectric material on the individual electrodes (11) 
by the sputtering process. The piezoelectric film (12) 
composed of the lead-based dielectric layer is provided 
by forming a first layer from a lead-based dielectric 
material containing no Zr, and then, forming a second 
layer from PZT containing Zr as in the first embodiment. 
Although the piezoelectric film (12) thus formed is of 
polycrystalline. the second layer which has very excel- 
lent piezoelectric characteristics can be formed 
because the first layer is formed from the lead-based 
dielectric material containing no Zr, and then, the sec- 
ond layer is formed from PZT containing Zr. The piezo- 
electric film (12) can have excellent piezoelectricity by 
forming a PZT-based polycrystalline layer with a thick- 
ness of 3 iim. In forming the piezoelectric film (12). a 
piezoelectric thin fOm having high crystaliinity can be 
formed by the spin-coating process using MOCVD or a 
sol-gel solution instead of the above-mentioned sputter- 
ing process. Next, a Pt layer for a common electrode 
(13) is formed on the piezoelectric fflm (12). Where the 
spin-coating process using a sol-gel solution is adopted, 
first, a sol-gel solution containing no Zr is applied to 
form the first layer, and then, a sol-gel solution contain- 
ing Zr is applied to the first layer so as to form the sec- 
ond layer with a given thickness, and the layers are 
baked to form a piezoelectric film (12). Thus, the piezo- 
electric film (12) which is a polycrystalline layer can be 
formed as well as that formed by the sputtering process. 
[0074] A vibration plate (4) is formed from a material 



16 

of Si0 2 on the common electrode (13) by the sputtering 
process. Next, a body having compression chambers 
(1) formed therein from a photosensitive resin is assem- 
bled on the vibration plate (4). and finally, the silicone 

5 substrate (15) is removed by etching using a hydrofluo- 
ric acid solution or a potassium hydroxide solution. The 
compression chambers (1) divided in the body so as to 
correspond to the outlets, respectively, are formed from 
a photosensitive glass or a photosensitive resin. In the 

,0 flowchart of Fig. 10, the individual electrodes (11) are 
formed by patterning before the formation of the piezoe- 
lectric film (12), but the individual electrodes (11) may 
be formed by patterning after the etching of the silicone 
substrate (15). Also, the piezoelectric fOm (12) is sub- 

is jected to patterning before the formation of the common 
electrode (13) in the flowchart of Fig. 10, but the piezo- 
electric film (12) may be patterned so as to be divided 
into shaped pieces which correspond to the divided 
compression chambers (1) after the etching of the sili- 

20 cone substrate (15). According to the production 
method described in the present embodiment, it 
becomes possible to use a silicone substrate (15) which 
is a more available single crystal substrate capable of 
having a larger area at a lower cost than the MgO sub- 

25 strafe (1 0). Therefore, it becomes possfole to form a plu- 
rality of piezoelectric elements for jetting ink droplets at 
once and further to form thin film materials having excel- 
lent piezoelectric characteristics. Further, the fine 
processing techniques which have been established in 

3 o the ffled of silicones can be applied to the piezoelectric 
elements, and this facilitates multi-element formation 
which would be achieved by very high accurate fine 
processing. The ink-jet head produced by the above 
method can have the same structure as shown in Fig. 6, 

35 having nozzles at a density of 200 dpi. Furthermore, it is 
possible to produce an ink-jet head having nozzles at a 
higher density. 

[0075] tn the production of the ink-jet heads having the 
above structure, other than the silicone substrate (1 5). a 

40 glass substrate may be used, and it is possible to pro- 
duce an ink-jet head which has a similar multi-element 
formation structure by using a glass substrate. In this 
case, the glass substrate is removed by etching using a 
hydrofluoric acid solution. Thus, an ink-jet head having 

45 the same multi-element formation structure as that 
shown in Rg. 6 can be provided. 
[0076] A piezoelectric film (12) having a perovskite 
structure and a high crystaliinity can be formed by using 
a ruthenium oxide for the above individual electrodes 

so (11) other than platinum. The piezoelectric film, there- 
fore, can have excellent characteristics, so that an ink- 
jet head having a little variation in the ink-jetting ability 
between each of the elements can be provided in spite 
of having the mutti -element formation structure. Further, 

55 as the piezoelectric film (12) for the use as a piezoelec- 
tric material, a PZT layer having a ratio of ZrfU within a 
range of 30/70 to 70/30 shows further excellent piezoe- 
lectric characteristics, thus providing an ink-jet head 
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having a high ink-jetting ability. Again, when a thin film of 
an antiferroelectrics of the composition formula of 
Pbo59Nbo.02Pro.6Sno.4l1.yTiylo.9sO3 (0.060 y <£ 0.065) 
is used as the piezoelectric fSm (12). a stable response 
can be obtained relative to application of a voltage, so 5 
that variation in the ink-jetting amount between each of 
the elements can be decreased. 
[0077] As the materials for the vibration plate (4), 
besides silicon dioxide (Si0 2 ), metals such as nickel 
and aluminium can be easily formed into films by the 10 
sputtering process, vacuum deposition process or met- 
allizing plating process, and the resultant films can 
show excellent vibration characteristics as well as the 
Si0 2 vibration plate. Furthermore, a vforation plate 
formed from an oxide such as alumina or the like can is 
provide the same effect as that obtained by the Si0 2 
vibration plate, and the oxide such as alumina or the like 
can be easily formed into a film by the sputtering proc- 
ess. Otherwise, high molecular organic substances 
such as polyimide resins can be easily formed into films 20 
by the spin coating process, and the processing thereof 
is also easy. Thus, high molecular organic substances 
such as polyimide resins are found to be suitable mate- 
rials for the vibration plates of ink-jet heads. 

25 

The third embodiment: 

[0078] With reference to Figs. 11 and 12, an ink-jet 
head according to the third embodiment of the present 
invention will be described. 30 
[0079] In the present method, as shown in Fig. 1 1 and 
the flowchart of Fig. 12, firstly, a vibration plate (4) is 
formed from silicon dioxide (SiOg) with a thickness of 2 
u.m on a silicone substrate (15) by the sputtering proc- 
ess, or by thermally oxidizing the silicone substrate. 35 
Then, a Pt layer for a common electrode (13) is further 
formed on the vibration plate (4). Then, a piezoelectric 
film (12) formed from a lead-based dielectric material is 
formed on the common electrode (13) by the rf sputter- 
ing process. As in the first embodiment, the piezoelec- 40 
trie film (12) is formed by forming a first layer from a 
lead-based dielectric material containing no Zr and 
forming a second layer from PZT containing Zr. The pie- 
zoelectric film (12) thus formed is of potycrystalline, but 
can comprise the second layer having very excellent 45 
piezoelectric characteristics, because the second layer 
composed of the PZT layer containing Zr is formed after 
the formation of the first layer composed of the lead- 
based dielectric material containing no Zr. The piezoe- 
lectric film (12) can obtain excellent piezoelectric char- so 
acteristics by forming a PZT type polycrystalline layer 
with a thickness of 3 jim. As one of the methods of form- 
ing piezoelectric films (12), a piezoelectric thin film hav- 
ing a high crystallinity can be formed also by the spin- 
coating process using MOCVD or a sol-gel solution. 55 
Next, a Pt layer for individual electrodes (11) is formed 
on the piezoelectric film (12). The individual electrodes 
(11) are formed by subjecting the Pt layer to fine 
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processing through ion etching so as to be formed into 
divided shaped pieces which correspond to the respec- 
tive compression chambers (1). In the meantime, when 
the vibration plate (4) is formed from an insulating sub- 
stance, the individual electrodes (11) may be formed on 
the vibration plate (4), and the common electrode (13) 
may be formed on the piezoelectric film (12). 
[0080] Next the silicone substrate (15) is partially 
removed by etching using a hydrofluoric acid solution or 
a potassium hydroxide solution, and the remaining parts 
of the silicone substrate (15) are used as the structural 
parts of the compression chambers (1). The piezoelec- 
tric film (12) is subjected to patterning so as to be 
divided into shaped pieces which correspond to the 
respective compression chambers (1 ) before the forma- 
tion of the common electrode (1 3). In this method, the 
compression chambers (1) are formed by using parts of 
the substrate for forming the piezoelectric element, 60 
that the production step can be simplified. Furthermore, 
it becomes possible to provide finely formed elements 
by applying the fine processing techniques for silicones. 
The ink-jet head produced by the above method can 
have the same structure as that shown in Fig. 6, having 
nozzles at a density of 200 dpi or more. 
[0081 ] In the production of the ink-jet head having this 
structure, a more inexpensive glass substrate can be 
used other than the silicone substrate (1 5), and also, by 
using the glass substrate, an ink-jet head having the 
same multi-element formation structure as that shown 
in Fig. 6 can be provided. 

[0082] When a ruthenium oxide other than platinum is 
used to form individual electrodes (11), a piezoelectric 
tarn (12) having a perovskite structure with a high crys- 
tallinity can be formed. The piezoelectric film can have 
excellent properties, so that there can be provided an 
ink-jet head having a little variation in ink-jetting ability 
between each of the piezoelectric elements in spite of 
having the multi-element formation structure. Further, 
when the piezoelectric film (12) to be used as a piezoe- 
lectric material is a PZT layer having a Zr/Ti ratio within 
the range of 30/70 to 70/30, the piezoelectric material 
can have further excellent piezoelectric characteristics, 
and the resultant ink-jet head can have high ink-jetting 
ability. 

[0083] Further, when an antrferroelectric thin film of 
the composition formula of Pb 0 .9gNb 0 .o2 [(Zro.sSno^i- 
y Ti y ]os803 (0.060 £ y <, 0.65) is used as the piezoelec- 
tric film (12), a piezoelectric element formed of the 
above film can stably respond to a voltage applied, and 
is decreased in variation in ink-jetting amount. Further, 
when an anfrferroelectric thin film of the composition for- 
mula of Pbo.99Nbo.02 [&o,6$noAh-y'Tiy] 0 qqPs (0.060 <. 
y <> 0.065) is used as the piezoelectric film, there can be 
provided a piezoelectric element which has a stable ink- 
jetting ability even when formed of a polycrystalline thin 
film. 

[0084] Furthermore, the vtoration plate (4) can be eas- 
ily formed from a metal such as nickel and aluminium 
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other than silicon dioxide Si0 2 by the sputtering proc- 
ess, vacuum deposition process or metallizing plating 
process, and the resultant vibration plate (4) can have 
excellent vibration characteristics as well as the Si0 2 
vibration plate. Also, alumina can be used to form a 5 
vibration plate, and the alumina vibration plate can be 
easily formed by the sputtering process, and provide the 
same effect as the Si0 2 vibration plate. Besides, the 
vibration plate can be easily formed from a polyimide 
resin by the spin-coating process, and the processing of w 
the polyimide resin vibration plate is also easy. Thus, 
polyimide resins are found to be suitable materials for 
ink-jet heads. 

The fourth embodiment: 15 

[0085] Fig. 13A is a perspective view of an ink-jet 
head (200) according to the fourth embodiment of the 
present invention; Fig. 13B is a sectional view of the 
same taken along line C-C* of Fig. 13A; and Fig. 14 is a 20 
sectional view of the same taken along line D-D* of Fig. 
13 A. 

[0086] The ink-jet head (200) comprises a body (250) 
having a plurality of outlets (202) and a plurality of com- 
pression chambers (201) formed corresponding to the 25 
plurality of outlets (202), respectively; a vibration plate 
(204) provided on top of the body (250); and a piezoe- 
lectric element (203) provided on the vibration plate 
(204). 

[0087] In the body (250), the outlets (202) are formed 30 
at predetermined intervals in the lower plane of the body 
(250), and the compression chambers (201) are formed 
in parallel with the body (250) and corresponding to the 
outlets (202), respectively. Each of the outlets (202) 
communicates with each of the compression chambers 35 
(201) through an ink passage (202a) formed in the body 
(250). The body (250) is formed from a highly rigid 
material such as a resin, glass, stainless steel, ceram- 
ics, silicone or the like. 

[0088] The piezoelectric element (203) comprises, as 40 
shown in Fig. 14, a common electrode (208) formed on 
the vibration plate (204); piezoelectric films (205) 
formed on the common electrode (208) at predeter- 
mined intervals corresponding to the compression 
chambers (201), respectively; and individual electrodes <s 
(209) provided on the piezoelectric films (205), respec- 
tively, and further, a filler of a polyimide resin is packed 
in the spaces between each of the piezoelectric films (5) 
adjacent to each other, in this connection, the piezoe- 
lectric film (205) is formed having a first layer (8) com- so 
posed of a layer of PbT103 containing no Zr, or PLT 
containing PbTiQ3 and lanthanum, and a second layer 
(9) composed of a layer of the composition formula of 
Pb(Zr 0 53Ti 0- 4 7 )O3 with a thickness of about 3 um, as in 
the first embodiment Thus, the piezoelectric film (205) ss 
having excellent piezoelectric characteristics is formed 
as well as that of the first embodiment 
[0089] The vibration plate (204) is comprised of an 



alumina layer which is formed with a thickness of 2 um 
by the sputtering process, and both the common elec- 
trode (208) and the individual electrodes (209) are com- 
prised of Pt layers with a thickness of 0.1 um, 
respectively. As the materials for the vibration plate 
(204), Ni, Cr, Ti, A! and Zr can be used other than alu- 
mina, and any of the materials can provide a vibration 
plate which is excellent in adhesion to the piezoelectric 
film (205) and the electrode material and in vibration 
characteristics. In the present invention, oxides of Ni, 
Cr, Ti, Al and Zr, silicon oxide, and resins can be used 
as the materials for the vibration plate (204). Further, it 
is preferable that the thickness of the vibration plate 

(204) is equal to or smaller than that of the piezoelectric 
film (205) so as to obtain excellent ink-jetting ability. 
[0090] It is preferable that the piezoelectric film (205) 
is formed with a narrower width than that of the com- 
pression chamber to which the piezoelectric film (205) 
correspond. 

[0091 ] However, the present invention is not limited to 
the above piezoelectric film (205). A single undivided 
and continuous piezoelectric film may be used instead 
of the divided piezoelectric films, and the individual 
electrodes (209) may be formed so as to correspond to 
the compression chambers (201), respectively. Thus 
constructed, ink droplets are jetted by vibrating only 
parts of the piezoelectric layer that correspond to some 
of the compression chambers. 

[0092] The material for the filler (210) to be packed 
between each of the piezoelectric films (205) adjacent 
to each other is not limited to the polyimide resin as 
mentioned above, and any material that has a compar- 
atively low rigidity can be used. The use of a compara- 
tively low rigid material as the filler makes it possible to 
vibrate the piezoelectric film (205) without preventing 
lateral expansion or contraction of the piezoelectric film 

(205) . Therefore, the vibration characteristics do not 
degrade 

[0093] For example, when each of the compression 
chambers (201) is formed with a width of 70 um and ttie 
piezoelectric film (205) with a width slightly narrower 
than that of the compression chamber (201), the vibra- 
tion amplitude can be changed by maximum 50 nm 
when a voltage of 10 V is applied. 
[0094] As described above, according to the fourth 
embodiment, the piezoelectric film (205) is formed hav- 
ing the first layer and the second layer as a two-layer 
structure by the thin film forming process such as the 
sputtering process as in the first embodiment. There- 
fore, the piezoelectric film (205) can have a very high 
density, high crystaliinity. and excellent vibration charac- 
teristics despite of the comparatively simple structure. 
This is because the formation of the piezoelectric film 
(205) having a high crystaliinity makes it possible for the 
piezoelectric element to be driven by application of such 
a high voltage that would cause a conventional sintered 
body to be dielectricaHy broken down. Furthermore, 
since the piezoelectric film (205) can be formed with a 
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very small thickness as in the first embodiment, fine 
processing can be easily conducted on such a film, so 
that an ink-jet head having nozzles at a density of 200 
dpi can be easily produced. 

[0095] The piezoelectric film (205) may be formed by s 
the thin film forming process such as CVD process 
other than the spin coating process as mentioned 
above. 

[0096] The thickness of the piezoelectric film (205) is 
preferably 10 jim or less because, when it is 10 ^im or 
more, fine processing is hardly done on it 
[0097] In the fourth embodiment, the piezoelectric film 
(205) is formed by using an MgO substrate or a Si sub- 
strate as in the first or second embodiment. 
[0098] In detail, as the substrate, a single crystal MgO 
substrate which is d savaged to have a plane (100) as 
the surface is used, and an initial layer containing no Zr 
is formed on the plane (100) of the MgO substrate. 
Then, a piezoelectric film of the general formula of (Pb-j. 
xLaJtZr^yTiyJOa is formed on the initial layer so as to 
form a piezoelectric film in which the crystals orient in a 
direction of the axis c. As descrfoed above, the addition 
of La to the piezoelectric film represented by the general 
formula of PbfZr^yTiyJOs decreases the crystallization 
temperature, so that the piezoelectricity of the piezoe- 
lectric thin film can be improved. Further, the single 
crystal piezoelectric film of the formula of (Pb^ 
xLaJtZr^yT^Oa thus formed can have a piezoelectric 
constant 1 .5 times as large as that of a polycrystalHne 
film of the same composition. 

[0099] Further, in forming the piezoelectric film (205), 
by using the sputtering process or the CVD process, a 
single crystal film having high crystallinity can be 
formed at a high deposition rate of 1 um or more per 
hour. Furthermore, by using platinum or ruthenium 
oxide as the material for the electrode, the piezoelectric 
film can grow while maintaining good interface proper- 
ties. When platinum or ruthenium oxide is used for the 
electrode, it becomes possible to use, other than mag- 
nesium oxide (MgO), silicone, glass, or stainless steel 
material which has a high rigidity and can be finely proc- 
essed with ease, as the material for the substrate. As a 
result, the production cost for ink-jet heads can be 
reduced. 

[01 00] Further, when the piezoelectric film of the gen- 
eral formula of (Pb 1 . x L a>()( Zr i-y T 'y)Q3 is formed on the 
electrode of platinum or ruthenium oxide, the piezoelec- 
tric film (205) having nigh crystallinity can be formed 
because deposition of an impurity layer of Zr on the 
electrode can be prevented by particularly adjusting the 
value of y to 0.7 or more (by decreasing the amount of 
Zr) in the composition formula of a part of the piezoelec- 
tric film in contact with the electrode Therefore, by form- 
ing an initial layer containing a decreased amount of Zr 
directly on the electrode, and forming, on the initial 
layer, a piezoelectric film which has a large piezoelectric 
constant and a thickness of several urn and is repre- 
sented by the composition formula having y adjusted to 



0.7 or less, the piezoelectric film (205) having a large 
piezoelectric constant can be formed with high crystal- 
linity, 

[01 01] Furthermore, because the ink-jet head of the 
present invention comprises a thin piezoelectric film and 
a vibration plate as mentioned above, it is necessary to 
take care in bonding the body having the compression 
chambers formed therein to the vibration plate. That is. 
when the partition walls of the body are bonded to the 
vibration plate with adhesive, a large stress is applied to 
the thin piezoelectric film (205) because of the expan- 
sion or contraction of the adhesive in process of the cur- 
ing thereof, so that the film cracks or peels. Even though 
the fflrn could not be so damaged as to crack or peel, 
stable vibration would be hindered. 
[0102] In order to solve the above problem, it is pref- 
erable in the fourth embodiment that the partition walls 
(207) of the body are bonded to the vibration plate (204) 
through a resin layer (212) which has a thickness of 2 
nm or so and a low rigidity as shown in Fig. 16. The 
resin layer (212) is formed from, for example, polyimide 
by the spin coating process or the like. In this connec- 
tion, number 213 which appears in Fig. 16 refers to the 
adhesive. 

[01 03] As described above, by providing the polyimide 
resin layer (212), a stress due to expansion or contrac- 
tion of the adhesive (213) can be prevented from apply- 
ing to the piezoelectric film (205), so that the 
piezoelectric film can be stably vibrated, and simultane- 
ously damage of the piezoelectric film can be pre- 
vented. Further, by providing the polyimide resin layer, 
an ink can be avoided from directly contacting the vibra- 
tion plate, so that the life of the vibration plate can last 
longer. In this regard, it is preferable that the thickness 
of the resin layer (212) is 3 less. When it is 3 urn or 
more, the resin layer absorbs the vforations of the vibra- 
tion plate, so that the ink-jetting performance signifi- 
cantly degrades. 

[01 04] Furthermore, it is necessary to accurately con- 
trol the amounts and thickness of the resin layer (212) 
and the adhesive (213) in order to more effectively 
exhibit the ink-jetting performance and to decrease var- 
iations in the ink-jetting amount and the ink-jetting 
speed. In Fig. 17, an alumina layer (214) with a thick- 
ness of 7 um is seen to be formed on parts of the piezo- 
electric vforation section (230) (comprising the 
piezoelectric element and the vibration plate) to which 
the partition walls are bonded. The alumina layer (214) 
is formed as follows: an alumina layer is formed with a 
thickness of 7 um on the piezoelectric vibration section 
(230) and, then, the alumina layer is subjected to wet 
etching using an acidic solution so that the parts of the 
alumina layer which correspond to the partition walls 
can be left to remain. By bonding the partition walls 
(207) to the piezoelectric vibration section (230) through 
the alumina layer (214), only parts of the piezoelectric 
vibration section (230) which correspond to the com- 
pression chambers (201) can be vibrated, so that the 
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variation in the ink-jetting amount or the like can be 
decreased. In the present invention, a layer which is 
formed from ceramics composed ol various metal 
oxides, a highly rigid resin such as an epoxy resin. Cr or 
the like may be used instead of the alumina layer (214). 
That is. any material that shows good adhesion to the 
piezoelectric vibration section (230) and permits fine 
processing can be used. 

[0105] In the above piezoelectric vibration section, the 
piezoelectric film (205) is composed of one layer, but the 
piezoelectric film of the present invention is not limited 
to the above one-layer structure, and it may have two 
layers, i.e. the piezoelectric films 205a and 205b as 
shown in Fig. 15. In this case, the individual electrode 
(209) is formed as separate electrodes (209a) and 
(209b). wherein the electrode (209a) is formed on the 
piezoelectric film (205a) and the electrode (209b) is 
formed on the underside of the piezoelectric film (205b). 
and an intermediate electrode (211) as a common 
grounding electrode is formed between the piezoelec- 
tric fQms (205a) and (205b). As described above, by 
composing the piezoelectric film (205) of two layers of 
the piezoelectric films (205a) and (205b), the piezoelec- 
tric vibration section can show displacement two times 
larger than that shown by a piezoelectric vibration sec- 
tion comprising one piezoelectric film. In this connec- 
tion, each of the piezoelectric films (205a) and (205b) 
comprises an initial layer (a first layer) and a second 
layer. With this arrangement, the piezoelectric vibration 
section generate flexural vibration by using the piezoe- 
lectric films (205a) and (205b), so that theoretically it 
becomes unnecessary to provide the vibration plate 
(204) which is caused to vibrate in cooperation with the 
piezoelectric film. As a result, it is sufficient to form a 
resin layer, for example, with a thickness of 1 jim or so 
for protecting the piezoelectric film from an ink. In other 
words, owing to the structure shown in Fig. 15. the pie- 
zoelectric vibration section can be provided by forming 
two piezoelectric films (205a) and (205b) without the 
need to provide a vibration plate. 

The fifth embodiment: 

[0106] Fig. 18 is a partial sectional view of an ink-jet 
head according to the fifth embodiment of the present 
invention, illustrating the structure of the ink-jet head. 
The ink-jet head according to the fifth embodiment is 
produced by the following steps. 
[0107] First, a Pt layer for a common electrode (208) 
is formed on a single crystal silicone substrate, and pie- 
zoelectric films (205) with a thickness of 3 jim and indi- 
vidual electrodes (209) each conresponcfing to each of 
compression chambers, are formed on the common 
electrode (208) in the same manner as in the first 
embodiment. Then, alumina layers with a thickness of 2 
urn as vibration plates (204a) are formed on the individ- 
ual electrodes (209). A filler polyimide resin (210) is 
packed in the space between each of the piezoelectric 



films (205) adjacent to each other. Next, the silicone 
substrate is polished to a thickness of about 0.1 mm, 
and the polished silicone substrate is subjected to etch- 
ing using an alkaline solution such as an aqueous KOH 

5 solution, so that parts of the silicone substrate (silicone 
bases (15)) which correspond to the partition walls for 
separating the compression chambers, respectively, are 
left to remain. Then, the partition walls of a body, which 
has the compression chambers formed therein from a 

70 stainless steel, resin or glass, are faced to the silicone 
bases (15) and bonded thereto. Thus, the ink-jet head 
according to the fifth embodiment shown in Fig. 18 is 
completed. In the fifth embodiment, the width of the 
compression chamber (201) is 70 urn. 

is [0108] As described above, in the ink-jet head of the 
fifth embodiment, the silicone substrate is finely proc- 
essed, and parts of the silicone substrate are used to 
form the compression chambers, and the adhesion 
parts of the body are kept distant from the piezoelectric 

20 films. Therefore, degradation of the vibration character- 
istics due to the affection of the adhesion parts can be 
substantially eliminated. As a result, in the ink-jet head 
of the fifth embodiment, the variation in the ink-jetting 
performance can be significantly decreased. Further, it 

25 is confirmed in the present embodiment that, when an 
initial layer of the composition formula of 
(Pbo^sLao 05 )"no 3 is formed in process of forming the 
piezoelectric film (205), it is found that the initial layer 
with a high crystallinity can be formed on the Pt com- 

30 mon electrode (208) at a temperature as low as 500°C. 
It is very useful in a practical view that the initial layer 
can be formed at such a low temperature. 
[0109] Further, in the fifth embodiment, quartz glass 
may be used for the substrate instead of silicone. The 

35 use of quartz glass for the substrate makes it possible to 
finely process the substrate through etching using 
hydrofluoric acid, so that the ink-jet head can be pro- 
duced at a still lower cost Furthermore, by using an 
MgO substrate in which the MgO crystals orient on the 

40 plane (1 00). a piezoelectric film (205) of the composition 
formula of Pb(Zr 0 .s3Tio 47)03, in which the crystals ori- 
ent in the direction of axis c. can be formed through the 
initial layer on the Pt electrodes as described in the first 
embodiment. Thus, the resultant piezoelectric film can 

45 have a piezoelectric constant about 1.5 times larger 
than that of a piezoelectric f flm comprised of a polycrys- 
talline thin film of the same composition formula. In the 
meantime, when an MgO substrate is used, the sub- 
strate is similarly polished or etched to a thickness of 

so about 0. 1 mm, and then processed as shown in Fig. 18, 
and the processed portions are bonded to the partition 
walls of the body. 

The sixth embodiment: 

55 

[0110] Fig. 19 ts a perspective view of an ink-jet head 
according to the sixth embodiment of the present inven- 
tion. The Inkjet head of the sixth embodiment com- 
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prises a body (350) composed of lamination of four 
stainless steel plates (351, 352. 353 and 354), and a 
piezoelectric vibration section (comprised of a piezoe- 
lectric element (303) and a vibration plate (304)) so pro- 
vided as to dose compression chambers (301) which s 2. 
are formed in the body (350). In addition, as shown in 
Fig. 19, ink outlets (302) are formed along the width 
direction in parallel with each other in the underside of 
the stainless plate (354). The ink chambers (301) which 
are divided by the partition walls (not shown) are pro- to 
vided corresponding to the ink outlets (302), respec- 
tively. The piezoelectric element (303) comprises a 
common electrode (not shown), a piezoelectric film 
(305) and individual electrodes (309). Each of the indi- 
vidual electrodes (309) is formed directly on each of the 15 
compression chambers (301), and thus, individual pie- 
zoelectric elements which correspond to the compres- 
sion chambers (301), respectively, are provided. The 
piezoelectric film (305) is formed in the same manner as 
in the first to fifth embodiments. 20 
[0111] In the sixth embodiment the body (350) is 
composed of the stainless steel plates (351) to (354), 3. 
but the present invention is not limited to this structure, 
and the body (350) may be composed of lamination of 
glass plates. Further, the body having the structure 25 
shown in Rg. 19 may be formed using resin plates. 

Industrial applicability: 

[01 12] As described above in detail, according to the 30 
present invention, it becomes possible to form piezoe- 
lectric films having smaller thickness and larger piezoe- 
lectric constants in comparison with the prior art. by 
using the thin film forming process such as the sputter- 
ing process and CVD process, so that it makes possible 35 
to finely process the piezoelectric films. Therefore, min- 
iaturized ink heads for in-jet recorders which have ink 
outlets formed at higher densities and can respond at 4. 
higher speeds can be provided. By using the miniatur- 
ized ink-jet heads having outlets formed at high densi- 40 
ties therein, it becomes possible to provide ink-jet 5. 
recorders which permit high-speed printing with high 
resolution. 
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An ink-jet head comprising a body having ink out- 
lets and compression chambers respectively com- 
municating with each of said ink outlets, and 
piezoelectric vibration sections, each being pro- so 7. 
vided on a part of each of said compression cham- 
bers and including a piezoelectric film containing 
Pb, Tl and Zr, and electrodes provided on both 
sides of said piezoelectric film, wherein said piezo- 8. 
electric vibration sections generate flexural vibra- 55 
tion to jet ink droplets from said ink outlets, 
characterized in that said piezoelectric film com- 
prises a first layer which has a perovskite structure 9. 



containing Sr or 6a, and a second layer which has 
a perovskite structure containing Pb, Tl and Zr and 
is formed in contact with said first layer. 

An ink-jet head comprising a body having ink out- 
lets and compression chambers respectively com- 
municating with each of said ink outlets, and 
piezoelectric vibration sections, each being pro- 
vided on a part of each of said compression cham- 
bers and including a piezoelectric fflm containing 
Pb. Ti and Zr, and electrodes provided on both 
sides of said piezoelectric film, wherein said piezo- 
electric vibration sections generate flexural vibra- 
tion to jet ink droplets from said ink outlets, 
characterized in that said piezoelectric film com- 
prises a first layer and a second layer which have 
perovskite structures, respectively, and are formed 
in contact with each other, and that the content of Zr 
in said first layer is smaller than that in said second 
layer. 

An ink-jet head comprising a body having ink out- 
lets and compression chambers respectively com- 
municating with each of said ink outlets, and 
piezoelectric vibration sections, each being pro- 
vided on a part of each of said compression cham- 
bers and including a piezoelectric film containing 
Pb, Ti and Zr, and electrodes provided on both 
sides of said piezoelectric film, wherein said piezo- 
electric vibration sections generate flexural vibra- 
tion to jet ink droplets from said ink outlets, 
characterized in that said piezoelectric film com- 
prises a first layer containing no Zr and a second 
layer containing Zr, which have perovskite struc- 
tures, respectively, and are formed in contact with 
each other. 

An ink-jet head according to claim 2 or 3, wherein 
said first layer contains La. 

An ink-jet head according to any one of claims 1 to 

4, wherein the ratio of Zr/Ti contained in said sec- 
ond layer is controlled within a range of 30/70 to 
70/30. 

An ink-jet head according to any one of claims 1 to 

5, wherein said piezoelectric film is single crystal 
film. 

An ink-jet head according to any one of claims 1 to 

6, wherein said piezoelectric film is formed with a 
thickness of 10 nm or less. 

An ink-jet head according to claim 7, wherein said 
piezoelectric f flm is formed with a thickness of 1 nm 
to 3 um. 

An ink-jet head according to claim 7 or 8, wherein 
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said first layer is formed with a thickness of 50 to 
100 nm. 

10. An ink-jet head according to any one of claims 1 to 
9, wherein said piezoelectric vibration section fur- 
ther comprises a vibration plate, and generates 
flexural vibration. 

11. An ink-jet head according to claim 10, wherein said 
vibration plate is formed from at least one selected 
from the group consisting of Ni. Cr, A! and their 
oxides, Si, Si oxide, and high molecular organic 
substances. 

12. An ink-jet head according to any one of claims 1 to 
9, wherein said piezoelectric vibration section fur- 
ther comprises another piezoelectric film which is 
provided between each of the electrodes, said 
another piezoelectric film being different from the 
above piezoelectric film and opposing the same film 
through an intermediate electrode layer, and 
wherein said piezoelectric vibration sections gener- 
ate flexural v to rati on by said two piezoelectric f 3ms. 

13. An ink-jet head according to any one of claims 1 to 

12, wherein said second layer of said piezoelectric 
film contains Nb and Sn and has antiferroelectricity. 

14. An ink-jet head according to any one of claims 1 to 

13, wherein, in said first layer of said piezoelectric 
film, the density of Zr is so distributed as to continu- 
ously increase along the thickness direction, and 
said second layer is in contact with one surface of 
said first layer where the density of Zr is higher. 

15. An inkiet head according to any one of claims 1 to 

14, wherein said electrode layers provided on both 
sides of said piezoelectric film are formed from Pt or 
Au. 

16. An ink-jet head according to any one of claims 1 to 

15, wherein said body has a plurality of ink outlets 
and a plurality of compression chambers formed 
corresponding to said ink outlets, respectively, and 
at least one of said electrodes provided on both 
sides of said piezoelectric fflm is so divided as to 
correspond to said compression chambers so that 
the piezoelectric vibration sections are provided 
corresponding to said compression chambers, 
respectively. 

17. An ink-jet head according to claim 16, wherein said 
piezoelectric film is so divided as to correspond to 
said compression chambers, and one of said elec- 
trodes is formed over said divided piezoelectric 
films. 

18. An ink-jet head according to claim 16, wherein a 
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resin having such a low rigidity that does not hinder 
said piezoelectric films from expanding or contract- 
ing is packed in the spaces between each of said 
divided piezoelectric films. 

5 

19. An ink-jet head according to any one of claims 1 to 
18, wherein the peripheries of said piezoelectric 
vibration sections are bonded to said peripheries of 
said compression chambers through resin layers 

io having elasticity and a thickness of 3 urn or less. 

20. An ink-jet head according to any one of claims 1 to 
18, wherein said peripheries of said piezoelectric 
vibration sections are bonded to the peripheries of 

is said compression chambers through mounts 
formed from a ceramics, metal or resin. 

21. A process for producing an ink-jet head which com- 
prises a body having ink outlets, and compression 

20 chambers respectively communicating with each of 
said ink outlets and having an opening formed at a 
part of said compression chamber; and piezoelec- 
tric vibration sections, each being so provided as to 
close the opening of each of said compression 

25 chambers, said process comprising 

a first step of forming said piezoelectric vibra- 
tion section having a piezoelectric film on a 
substrate, said step including a step of forming 

30 said piezoelectric film having a first layer and a 

second layer by forming said first layer which 
has a perovskite structure containing Pb and 
Ti, and forming, on said first layer, said second 
layer which has a perovsWte structure contain- 

35 ing Zr. Pb and Ti; 

a second step of facing the peripheries of said 
openings of said body to the peripheries of said 
piezoelectric vibration sections and bonding 
them to each other; and 

ao a third step of removing said substrate after the 

bonding, 

characterized in that, in said first step, said first 
layer is so formed as not to contain Zr or as to 
contain a smaller amount of Zr than that con- 
45 tained in said second layer. 

22. A process according to claim 21 , wherein said first 
layer and said second layer are formed by the sput- 
tering process. 

50 

23. A process according to claim 21 or 22, wherein an 
. MgO substrate is used as said substrate and, in 

said third step, said MgO substrate is removed by 
etching using phosphoric acid. 

55 

24. A process according to daim 21 or 22, wherein a 
silicone or glass substrate is used as said sub- 
strate. 
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25. A process according to claim 24, wherein, in said 
third step, said substrate is removed by etching 
using a hydrofluoric acid solution or a potassium 
hydroxide solution. 
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(100) Forming Pt electrode 
on MgO substrate 
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Patterning Pt electrode 
(individual electrodes) 
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Forming PbTi0 3 initial layer 
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Forming PZT thin film 
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Patterning PZT layer 
(including PbTiOs initial layer) 
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Forming Pt electrode 
(common electrode) 



S7 



Forming . S1O2 vibration plate 
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Forming compression 
chambers and outlets 
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Removing MgO substrate 
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Completion of ink head 
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(100) Forming Pt electrode 
on MgO substrate 



Forming PbTi03 initial layer 



Forming PZT thin film 



Forming Pt electrode 
(common electrode) 
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Completion of ink head 



19 



EP0 930165 A1 



Fig. 6 



v.|t^ll^l|i— 'III— 'I ■■• t^F^F^F^IZ 



11 



2-£ 



] - 



Fig. 7 




Applied voltage (V) 



20 




EP 0 930 165 A1 



Fig. 10 



Forming Pt electrode on 
Si substrate 



Patterning Pt electrode 
(individual electrodes) 



Forming PbTi03 initial layer 



Forming PZT thin film 
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Fig. 12 



Forming S1O2 vibration plate 
on Si substrate 



Forming Pt electrode 
(common electrode) 



1 
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